F orward head posture (FHP) is the clinical condition in which the head is positioned abnormally forward with respect to the shoulders. [1] [2] [3] [4] [5] [6] The severity of FHP can be characterized clinically using the craniovertebral angle or radiographically using the C2-C7 Sagittal Vertical Alignment (C2-C7 SVA), which is the horizontal offset distance between the center of the C2 body and the posterior corner of the C7 superior endplate [1] [2] [3] [4] [5] [6] (Fig. 1) . Forward head posture may result from a variety of pathologies, such as thoracic hyperkyphosis, improper muscle activation, and local spinal malalignment secondary to degenerative changes or post-surgical kyphosis. [1] [2] [3] [4] [5] [6] Though the connection still remains unclear, 7, 8 many researchers have found that FHP is associated with neck pain. 2,3,9-12 Moreover, severe FHP is positively correlated with a worsening Neck Disability Index (NDI), a measure of the negative impact neck pain has on a patient's daily life. 13, 14 A change in the sagittal alignment of the head-neck complex is associated with shortening or lengthening of cervical spine musculature. Stretched or shortened muscles may be weak because the sarcomeres are no longer aligned in the most efficient orientation. 15 Current literature only reports qualitative descriptions of the muscle length changes associated with FHP. Rehabilitation professionals would benefit from a quantitative description of muscle length changes occurring with FHP, as it may lead to more informed evaluation methods and treatment interventions. The goal of this study was to provide quantitative data describing the lengths of cervical muscle-tendon units associated with neutral posture compared to FHP.
Materials and Methods

Overview
Our approach used a combination of: (1) 3D computed tomography (CT)-based, specimen-specific anatomical reconstructions of human cadaveric cervical spine specimens; (2) data defining the neutral and forward head postures obtained from in vitro kinematic testing of specimens; and (3) analysis of muscle-tendon origin and insertion sites in the specimen's neutral upright and forward head postures to calculate the changes in muscle lengths.
First, each human cadaveric cervical spine specimen was scanned via CT (Fig. 2a) , and a 3D specimen-specific anatomic model was generated from the CT scans (Fig. 2b) . The specimen was placed in a testing apparatus that induced FHP (Fig. 2c) , and the vertebral motions from neutral posture to FHP were tracked in 3D space (Fig. 2d) . The vertebral motion data was then used to animate the 3D anatomical model of that cervical spine specimen, generating a specimen-specific Dynamic 3D model (Fig. 2e ). Finally, "muscles" were added to the Dynamic 3D model: the muscles were modeled as straight lines between origin and insertion points, using the model's anatomical landmarks as a guide to find precise muscle attachment sites (Fig. 2f) . This resulted in a specimen-specific 3D Muscle Model that tracked changes in muscle length as FHP severity increased (Fig. 2g) . A more detailed description of the experimental protocol follows.
Specimen-Specific Static 3D Anatomical Models
Thirteen fresh-frozen human cadaveric cervical spine specimens (Occiput-T1, mean age = 54±15 years, range = 21-67 years, 9 male, 4 female) were used for the experiments. The paraspinal musculature was carefully removed, ensuring preservation of the discs, facet joints, and osteoligamentous structures.
Five small radiopaque spheres were inserted into each vertebral body and the occiput to serve as fiduciary markers. An axial CT scan (LightSpeed VPT, GE Medical Systems) with fine-slices (0.63 mm) of each specimen was taken (Fig. 2a) . The purpose of these spheres was to establish a link between the physical anatomy of the specimens and their 3D CT reconstructions that were used for subsequent analyses.
Using the data from the CT scan, a specimen-specific static 3D anatomic model was generated using Mimics software (Materialise, Inc., Plymouth, MI) for each cadaveric cervical spine (Fig. 2b) . The fiduciary markers were clearly visible on the CT scan and were incorporated into the static model, with their 3D positions identified relative to the vertebral anatomy.
Experimental Protocol
We used a previously reported experimental model 6 to quantify the postural compensations of all cervical spinal segments from the occiput through T1 necessary to maintain horizontal gaze in the presence of increasing anterior head offset. The testing apparatus allowed independent dynamic adjustment of the Occiput-T1 SVA and the T1 tilt angle (Fig. 2c) . The SVA represents the horizontal offset between two cervical spine bones, in this case between the head center of mass (approximated by the external auditory meatus) and the superior posterior margin of T1. The T1 tilt angle could be adjusted via the tilting base of the test apparatus. The occiput was free to rotate axially and translate vertically, but its sagittal inclination was constrained such that it was consistent with horizontal gaze regardless of the prescribed FHP magnitude. Because the specimens contained the occiput and not the entire skull, the determination of horizontal gaze was made based on the orientation of foramen magnum. Been et al measured the orientation of foramen magnum (line joining the basion and the opisthion) on true lateral cervical radiographs of 74 participants standing straight with a forward gaze. 16 They reported that the foramen magnum is oriented to the horizontal plane by 10.2°±6.7°, facing caudally and slightly anteriorly. Others have reported values ranging from 3.4°±6.5° to 8.2°±6.5°. 17, 18 In the present study we used fiduciary markers attached to the occiput to determine the inclination of the foramen magnum. The foramen magnum was defined in relation to the fiduciary markers in the CT reconstruction. With the specimen setup in the apparatus, the fiduciary marker locations were probed and used to orient the occiput relative to the horizontal plane.
A 5-kg mass was attached to the occiput with the gravity line acting through the anterior margin of the external auditory meatus in order to mimic the weight force of an average-size head. 17, 19 A load cell (MC3A-250, AMTI Inc., Watertown, MA) mounted below the specimen measured the forces and moments applied to each specimen during testing. The positional constraint applied to the occiput in the face of a prescribed FHP magnitude generated reaction forces and moments that were measured by the load-cell mounted below the specimen.
The sagittal alignment of the specimen in any given posture was defined by measuring the position and orientation of each vertebra in a reference coordinate system fixed to the apparatus base. This was accomplished by using optoelectronic targets (Optotrak, Certus, Northern Digital, Waterloo, Ontario, Canada), each consisting of 4 infrared light emitting diodes, rigidly affixed to each vertebral body and the occiput (Fig. 2d) .
Initially, the specimen was positioned in the average neutral posture based on measurements in asymptomatic participants (C2-C7 SVA = 17 mm, T1 angle = 23°). 5, 20, 21 The specimen posture was then readjusted using real-time data from the specimen's positional recordings and base load cell, to obtain a specimen-specific resting posture. Resting (neutral) posture was defined by minimal reaction loads (below a threshold of ±0.2 Nm) carried at the specimen's base.
The Occiput-T1 SVA was increased from neutral posture and the vertebral alignment data were collected until the moment measured at the base of the specimen reached a limit of 3 Nm. The Occiput-T1 SVA at a moment of 3Nm minus the Occiput-T1 SVA at neutral is the Occiput-T1 ∆SVA. The stopping criterion of a 3-Nm moment at the specimen base was used to minimize degradation of the specimen caused by repeated loading during the span of the experiment. 6, 22 Specimen-Specific Dynamic 3D Kinematic Models
In this step, the static 3D anatomic model of a given spine specimen was animated using the vertebral motion data recorded by the optoelectronic motion targets attached to each vertebra of the specimen. In order to combine the vertebral motion data and 3D anatomic model, the fiduciary markers were registered in relation to the optoelectronic targets, which were attached to their respective vertebral bodies. This registration provided the ability to track the fiduciary markers throughout the specimens' range of motion, resulting in a computer-generated 3D representation of the specimen's CT reconstruction that moves, mirroring the motion of the cadaver as its Occiput-T1 SVA is increased. In this manner, a specimen-specific, dynamic 3D kinematic reconstruction of the cadaveric spine was generated at every posture for which the kinematic data were collected (Fig. 2e) . 23, 24 Root mean square accuracy of measuring 3D motion of anatomical features was determined to be ±0.44 mm. Error in translation due to the dynamic tracking of points was 0.14 mm, while the error due to probe registration of anatomical points was 0.40 mm. This was primarily limited by the CT scan voxel size of (0.29 × 0.29 × 0.625 mm 3 ).
Specimen-Specific Dynamic 3D Muscle Models
The 3D muscle model is the dynamic 3D kinematic model (Occiput-T1) with muscles and thoracic bones added. The anatomic details of Occiput-C7 vertebrae were imported into the Muscle Model from the Static 3D Model. The remaining thoracic bones (rib cage, thoracic vertebrae, clavicles, and scapulae) were constructed based on information taken from the literature. 25 The muscles were represented by straight lines from their points of origin to insertion, determined by each specimen's bony landscape on the Static 3D Models and anatomical literature [25] [26] [27] [28] (Fig. 2f) . The boundaries of each muscle's origin and insertion were determined by anatomical landmarks on the surface of the bones. The center point within each boundary was calculated, and corresponding center points of the insertion and origin of a given muscle were paired as endpoints for a line segment representing that muscle (Fig. 2g) . Some muscles with multiple or broad attachment sites (ie, the trapezius) were divided into submuscles to simplify and more accurately portray their behavior. Long muscles (ie, the longus muscles) were given multiple points of contact on the kinematic models to ensure their paths were consistent with their in vivo physiology. This resulted in a muscle made up of multiple end-to-end line segments that changed length as the model posture varied. All muscles studied and their respective attachment sites are listed in the eTable (available at academic.oup.com/ptj).
Muscle Length and Global Alignment Measurements
The lengths of cervical spine muscles changed as the locations of the origins, insertion points, and other contact points on long muscles (see above) moved in response to changing specimen postures. All length changes were expressed as percent changes from the lengths of the corresponding muscles in the neutral posture of the specimen. Muscle lengthening was denoted as a positive (+) number, and shortening was denoted as a negative (-) number. Muscle lengths were compared between neutral posture and the greatest common Occiput-T1 ∆SVA (the SVA in FHP minus the SVA at neutral posture) achieved by the specimens (26 mm).
The global alignment was assessed by analyzing the vertebral positions and angular orientations. Vertebral sagittal displacement was defined as the change in the anterior offset of each vertebral body center from their respective positions in neutral posture caused by an increase in the specimen's Occiput-T1 SVA. Segmental angular motion was defined as the change in segmental angle (angular displacements of the upper vertebra relative to the lower vertebra of each segment) caused by an increase in the specimen's Occiput-T1 SVA. Muscle length and global alignment calculations done on the 3D models were performed using MATLAB® Software (MathWorks, Inc., Natick, MA).
Statistical Data Analysis
Each specimen was tested beginning with its neutral posture until the stopping criterion (previously described in the Experimental Protocol section) was reached. The maximum increase in Occiput-T1 SVA tolerated by each specimen varied based on the specimen-specific tissue properties. This resulted in a range of Occiput-T1 ∆SVA maximums among specimens. Therefore, while we acquired outcome data for continuously increasing ∆SVA, we performed statistical analyses only on the results corresponding to the greatest common ∆SVA for all specimens (26 mm).
Normality of all data sets (muscle length changes, segmental angular motions, and vertebral anterior displacements calculated for a ∆SVA of 26 mm) was checked using the Kolmogorov-Smirnov (K-S) test. All data sets were normally distributed (average P = 0.76, range = 0.09-0.99).
The muscle lengths corresponding to a ∆SVA of 26 mm were compared to the muscle lengths in neutral posture using 2-tailed, paired t-tests. Similarly, the segmental angles and anterior positions of the vertebral bodies were compared between a ∆SVA of 26 mm and neutral posture using 2-tailed, paired t-tests. Thus, 1 paired comparison was performed for each outcome variable: the length change of each muscle, the angular displacement of each segment, and the anterior displacement of each vertebral body.
A large number of comparisons were performed due to the large number of muscles evaluated in this study. For this reason, the significance level (alpha) was set at 0.005 to further restrict the significance describing the percent change in estimated muscle lengths between neutral posture and FHP. The alpha determining significance for vertebral sagittal displacement was set at 0.01 to account for the cumulative effect that displacement of the caudal levels have on the displacement of the rostral levels. The alpha determining significance for the change in segmental angle was set at 0.05.
Results
Postural Alignment Changes in FHP
All specimens were able to achieve a maximum increase in the anterior head offset of at least 26 mm (range of maximums: 26-48 mm, mean: 34 mm, median: 32 mm). As the FHP severity increased, all segments from the occiput to C7 underwent anterior vertebral sagittal displacement, and the magnitude of displacement increased from T1 to the occiput ( Fig. 3a; values correspond to an Occiput-T1 ∆SVA of 26 mm). The anterior vertebral body displacements corresponding to a ∆SVA of 26 mm Global alignment of the cervical skeleton based on the sagittal motion of the vertebrae: Vertebral sagittal displacement (A), the change in the vertebral sagittal position of each vertebra between Neutral (blue) and forward head posture (red); and the Change in the Segmental Angle (B), indicating cervical flexion, which decreases the cervical lordosis from C2-T1, and occipital extension from Occiput-C2. The resultant anterior translations of all vertebrae (A) were statistically significant (P < 0.01). Regarding the segmental angular motion (B), asterisks correspond to statistical significance: * represents P < 0.05, and ** represents P < 0.01.
were statistically significant for all vertebral levels (P < .01).
Also as the anterior head offset increased, the mid-lower cervical segments underwent flexion while the suboccipital segments (Occiput-C1 and C1-C2) underwent extension ( Fig. 3b ; values correspond to an Occiput-T1 ∆SVA of 26 mm). The segmental angular displacements corresponding to a ∆SVA of 26 mm were statistically significant at all levels except the C2/C3 segment (P < .05).
Muscle Length Changes
In the following sections, the muscle length change results are presented in groups sorted by anatomic attachment and functional action.
Occipital Extensors: muscles that attach to the cranium and have lines of action indicating they can contribute to occipital extension.
Occipital Flexors: muscles that attach to the cranium and have lines of action indicating they can contribute to occipital flexion.
Cervical Extensors: muscles that attach to the cervical spine and have lines of action indicating they can contribute to extension of the cervical spine.
Cervical Flexors: muscles that attach to the cervical spine and have lines of action indicating they can contribute to flexion of the cervical spine.
While the occipital extensors muscle group is often described as the "Suboccipital Extensors," we chose to prevent confusion with the suboccipital muscles (rectus capitis posterior major and minor, obliquus capitis inferior, obliquus capitis superior). Similarly, the occipital flexor group is often described as "Craniocervical Flexors," but we chose to use "Occipital Flexors" for consistency.
The magnitude of muscle shortening or lengthening was expressed as a percent of the corresponding muscle's length in the initial, reference posture of each specimen. While we acquired outcome data for continuously increasing ∆SVA, we performed statistical analyses only on the results corresponding to the greatest common ∆SVA for all specimens (26 mm) compared to neutral. The magnitude of length change (absolute value) resulting from an Occiput-T1 ∆SVA of 26 mm was calculated for each muscle for all specimens. The magnitude of muscle length change, averaged over all muscles, was 5.2% (SD = 4.6%). A 2-tailed, paired t-test was performed for each muscle comparing its length in neutral posture vs. its length corresponding to Occiput-T1 ∆SVA of 26 mm (the greatest common FHP achieved by all specimens). The percent changes in muscle lengths between the 2 postures were statistically significant (P < .005) for all muscles except the T2-C7 deep multifidus, the superior oblique component of the longus colli, the posterior scalene, and the obliquus capitis inferior.
The muscle lengths for an example specimen are depicted in Figure 4 
Occipital Extensors
The occipital extensors include the longissimus capitis, semispinalis capitis, splenius capitis, sternocleidomastoid, upper fibers of the trapezius, and most of the suboccipital muscles: the rectus capitis posterior major and minor and the obliquus capitis superior. With the exception of the splenius capitis, which lengthened by 4.4% (SD = 1.4%, range= [2.7%-7.8%]), all of the occipital extensors shortened as Occiput-T1 ∆SVA increased. The average shortening of the occipital extensors for an increase in FHP of 26 mm (Occiput-T1 ∆SVA) was -6.1% (SD = 6.8%). In specimens that could reach an Occiput-T1 ∆SVA greater than 26 mm, the rectus capitis posterior major, minor, and obliquus capitis superior continued to shorten with increasing SVA. At an Occiput-T1 ∆SVA of 40 mm, these muscles exhibited 27.6%, 23.6%, and 11.2% shortening, respectively (Fig. 5) .
Occipital Flexors
The occipital flexors include the rectus capitis anterior and lateralis, and longus capitis, which all lengthened (Table). The average lengthening of the occipital flexors for an increase in FHP (Occiput-T1 ∆SVA) of 26 mm was 4.8% (SD = 2.3%).
Cervical Extensors
The cervical extensors include the longissimus cervicis and iliocostalis cervicis of the erector spinae group, the levator scapulae, the superficial and deep multifidus muscles, the semispinalis cervicis, and the splenius cervicis. All of the cervical extensor muscles lengthened with increasing FHP (Occiput-T1 ∆SVA). The average lengthening of the cervical extensors for an Occiput-T1 ∆SVA of 26 mm was 5.9% (SD = 4.1%).
Cervical Flexors
The cervical flexors include all the branches of the longus colli muscle (vertical, superior oblique, and inferior oblique), and the anterior and middle scalenes. In general, the cervical flexors shortened with increasing FHP (Occiput-T1 ∆SVA). The average shortening of the cervical flexors for an Occiput-T1 ∆SVA of 26 mm was -1.6% (SD = 1.4%).
Remaining Muscles
The remaining muscles that did not fit into the above 4 functional groups include those associated with lateral bending (posterior scalene), axial rotation (obliquus capitis inferior), and shoulder movement (middle fibers of the trapezius), none of which were found to be associated with FHP. In these muscles, no changes in length were observed. The length change of the middle fibers of the trapezius could not be assessed because the origin and insertion points were placed exclusively on the thoracic spine, which was not modeled.
Discussion
This study used a novel approach for estimating muscle length changes associated with increasing anterior offset of the head center of mass with respect to the base of the cervical spine. We used fresh human cadaveric cervical spine specimens (Occiput-T1) to assess the postural changes that are needed in cervical spine segments in order to accommodate increasing anterior head offset while maintaining horizontal gaze. By combining these data with the specimen-specific anatomy describing muscle origin and insertion points, we were able to estimate the muscle length changes associated with FHP.
Limitations
A limitation of this study is that the muscle length changes are dictated by the changes in cervical posture (geometry), though Occiput-T1 ∆SVA measurements were not normalized to the height of each specimen. Some specimens achieved up to 40 mm Occiput-T1 ∆SVA before reaching the stopping criterion of a 3 Nm moment at T1. Often, the specimens that were able to achieve a larger Occiput-T1 ∆SVA did not portray substantial postural change at only 26 mm (Figs. 4 and 5) . The average values presented in this manuscript therefore underestimate the actual effects of severe FHP in some patients.
Further, the muscle length changes do not provide direct information regarding the force-generating contractions of these muscles. It may be assumed that any shortening in muscle length is due to concentric contraction necessary for posture maintenance. However, no inferences can be drawn regarding force generation or the presence or absence of isometric contractions in muscles that do not show significant change in length or eccentric contraction in muscles demonstrating measurable lengthening. Another limitation is the approximation of the muscles' paths. To improve their representation, long muscles were represented as multiple line segments following the path of the muscle, 29 and broad muscles were broken down into multiple submuscles. Finally, the ex vivo design of this study may influence the postural response of the specimens lacking active muscles. Given that clinical, in vivo theories about FHP 1,30-35 (described below) parallel the results of this study, it is thought that the cadaver motion provides a valid approximation.
Model Validation
In this study, we placed cadaveric specimens into postural alignments representing different levels of FHP severity. This is unlike what occurs in vivo, where muscle activity likely controls postural alignment. In spite of this fundamental difference, the model predictions of postural alignment are in excellent agreement with literature descriptions. Our model predicted that in order to accommodate increasing FHP severity while maintaining horizontal gaze, the lower cervical spine must undergo flexion, while the upper cervical spine must undergo extension. These reciprocal postural realignments associated with FHP are consistent with the accepted literature description that FHP results in lower cervical flexion and upper cervical extension. 1, 9, 30, 36 The model calculations of muscle length changes associated with FHP are dictated by geometric changes in the cervical spine from neutral to FHP. From neutral to FHP, the cervical flexors shortened and the cervical extensors lengthened, while the occipital flexors lengthened and the occipital extensors shortened, with the exception of the splenius capitis. In the literature, investigators have qualitatively described muscle shortening associated with FHP to be in the scalenes, sternocleidomastoid muscles, semispinalis capitis, splenius capitis, and suboccipital muscles. 1, 9 Our quantitative results are consistent with nearly all the above qualitative descriptions of muscle length changes (Table) . The anterior and middle scalenes shortened, though the posterior scalene exhibited little change and was not statistically significant. This is thought to be the case because the action of the posterior scalene is largely in lateral bending, and little length change occurs with FHP, which takes place in the sagittal plane. The sternocleidomastoid muscle was broken up into three submuscles based on its attachments to multiple bones, and all three submuscles shortened. The semispinalis capitis was broken up into an upper and lower semispinalis capitis, both of which shortened. Although the literature suggests that the splenius capitis would shorten with FHP, our model predicted lengthening of 4.4% (SD = 1.4, range = 2.7-7.8). The muscle origin lies on the caudal cervical spine (C7), while the insertion lies on the anterior occiput (mastoid process). 28 This geometry forces the splenius capitis to lengthen over the flexing mid-lower cervical spine to reach the mastoid process, which is moving anteriorly in the sagittal plane. All occipital extensor muscles shortened except the obliquus capitis inferior, which showed no change in length likely because its line of action suggests axial rotation. The literature qualitatively describes the expected muscle lengthening due to FHP to be in the semispinalis cervicis and splenius cervicis. 1 Our model predictions were consistent with the literature, estimating that the semispinalis cervicis and splenius cervicis exhibited statistically significant lengthening (Table) .
Occipital and Cervical Extensors
Our results showed that the rectus capitis posterior major and minor shortened considerably from neutral to a ∆SVA of 26 mm (Table, Fig . 4 ). In specimens that could accommodate larger ∆SVA values, such as specimen #8, which reached a ∆SVA of 40 mm (Fig. 5) , these muscles continued to shorten. The considerable shortening of these muscles suggests that they may sustain a strong concentric contraction when the head is held in FHP. These findings are consistent with the existing theory that sustained FHP may be associated with tight suboccipital muscles. 34, 37 All cervical extensors lengthened from neutral posture to a ∆SVA of 26 mm, consistent with the C3-C7 segmental flexion that accompanied the postural change. Moreover, the muscles crossing the C4/C5 and C5/6 segments, which exhibited the most flexion (Fig. 3) , demonstrated the most lengthening (Table) . These included the semispinalis cervicis, the C6/7-C2, T1-C4, and T1-C5 superficial multifidus muscles, and the C5/6-C3 and C6/7-C4 deep multifidus muscles. The splenius capitis, which also crosses the C4/C5 and C5/C6 segments, was the only occipital extensor to lengthen. These results suggest that lengthened muscles crossing the C4/C5 and C5/C6 segments may be weakened in patients with FHP, and strengthening these muscles may be an appropriate intervention.
Occipital and Cervical Flexors
Physical therapists have found that strengthening the longus capitis and colli helped patients with chronic FHP achieve a more neutral posture over time. 32, 33, 36 Though our study offers no insight into force generation, our results seem to support these clinical findings in that the longus capitis lengthened from neutral to FHP (Table) . One can hypothesize that, based on the muscles' lines of action and changes in the muscles' lengths from neutral to FHP, strengthening the longus capitis could help stabilize the head in proper posture by counteracting the shortened suboccipital muscles (Fig. 5) . On the other hand, the components of the longus colli exhibited shortening (vertical and inferior oblique components) or no change (superior oblique component) (Table) . No conclusions about the
Figure 5.
Percentage of muscle length change with increasing forward head posture severity (increase in Occiput-T1 ∆SVA) in a single specimen (specimen #8). This graph clearly shows that shortening of the suboccipital muscles and lengthening of the longus capitis continue to increase well past the measured Occiput-T1 ∆SVA of 26 mm (dashed line). Furthermore, it can be seen that the length change of the longus capitis opposes those of the suboccipital muscles. The longus colli submuscles do not display any meaningful opposition to the suboccipital muscles. SVA = sagittal vertical alignment.
ability of the longus colli to improve posture can be drawn based on these muscle length change results without information about the force it exerts, though other researchers have offered relevant suppositions: Mayoux-Benhamou et al 38 suggested that the longus colli counteracts excessive lordosis and maintains proper posture, and Cagnie et al 39 suggested that the longus colli acts as a stabilizer for the longus capitis during deep cervical flexor training.
Conclusion
This study provides a quantitative estimation of the postural alignment changes and muscle length changes accompanying FHP. The results are consistent with qualitative descriptions of FHP reported in the literature. The lower cervical spine flexed while the upper cervical spine extended to accommodate horizontal gaze in FHP. Correspondingly, the cervical extensors and occipital flexors lengthened while the cervical flexors and occipital extensors shortened. The greatest shortening occurred in the suboccipital muscles, and the greatest lengthening occurred in the cervical extensors crossing the C4/C5 and C5/C6 spinal segments (the segments exhibiting the most flexion). These results may lead to more informed evaluation methods and treatment interventions by rehabilitation professionals.
